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SUMMARY
A 75 year-old woman was referred to our clinic for a solitary vertebral metastasis of breast 
cancer at the T12 level for surgical resection. The primary operation, involving total en bloc 
spondylectomy （TES） of the T12 vertebral body, was performed using an anterior expandable cage 
followed by 2-above-2-below posterior fixation. Three weeks after primary TES, she had progressive 
junctional kyphosis at the site of TES. The anterior expandable cage caused adjacent vertebral fracture 
with marked subsidence and loosening of the caudal pedicle screw （PS）. We performed revision 
enforcement surgery: In the prone position, the failed PS were removed, and then additional posterior 
fixation was performed at the L3-4-5-S1 followed by S2 alar-iliac screw fixation, and then in the 
right decubitus position, a lateral interbody fusion cage was inserted at the L1-2 level in the oblique 
lateral approach to gain more direct support. The patient returned to her activities of daily living with 
maintained alignment and without implant failure, and acceptable bony fusion was achieved 1.5 years 
postoperatively. In conclusion, excess expansion with expandable cages can be harmful when combined 
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Ⅰ．Introduction
 Total en bloc spondylectomy （TES） is an effective 
surgical technique for a solitary spine metastasis. 
However, the radical resection of connective tissues such 
as ligaments and muscles as well as the pathological 
vertebral body can cause postoperative instability 
followed by drastic implant failure. The current report 
describes a case of revision reinforcement surgery 
for implant failure after primary TES surgery and we 
present a literature review of the biomechanical aspect 
of anteroposterior fusion surgery with corpectomy.
Ⅱ．Case
 A 75-year-old woman with a history of mastectomy 
for breast cancer 10 years ago was referred to our clinic 
for solitary vertebral metastasis at the T12 level. She 
was also diagnosed as untreated osteoporosis with a 
T-score of -2.6 at the lumbar spine, and -3.0 at the 
femoral neck, and results of the radiological studies 
indicated a solitary metastatic lesion inside the right 
portion of the T12 vertebral body and asymptomatic 
severe stenosis of the L4-5 levels with spondylolisthesis 
（Figure 1 （a-d））. Results of her systemic evaluation 
using 18-fluorodeoxyglucose positron emission 
tomography showed no other pathological lesions. 
She complained of slight lower back pain but had no 
neurological disorders, including neither radiculopathy 
nor paralysis. Her Tokuhashi score of 14 points （i.e., a 
good performance status with no other vertebral/organ 
metastasis without paralysis［1］） predicted her survival 
as ≥ 1 year. As progressive intracanal invasion of the 
metastatic lesion can result in possible paralysis, the 
doctor who consulted us suggested radical resection 
of the metastatic lesion to ensure a good prognosis 
before radiation and chemotherapy because of possible 
postoperative radiation-related disorders. Thus, we 
decided to perform total resection of the metastasis.
 The primary operation was performed according to 
previous literature,［2］which involved en bloc resection 
of the T12 vertebral body followed by posterior fixation 
in the prone position with an operative time of 5:56 
（h:min） and 3,800 mL of blood loss. An expandable 
cage （Stryker, Kalamazoo, MI） was installed during 
anterior column reconstruction followed by 2-above-
2-below pedicle screw （PS） fixation of the T10-11 
to L1-2 levels with placement of cranial lateral hooks 
at the T9 level （Figure 2 （a-d））. The postoperative 
X-ray showed a possible endplate violation at the caudal 
vertebrae. The posterior fixation range was determined 
considering a possible future adjacent segment disorder 
at the L4-5 level, which is generally considered when 
performing long floating fusion ending at the L4 or L5 
level.［3］The patient started rehabilitation two days after 
the surgery with a brace on her trunk, and she had a 
good postoperative course without pain and paralysis. 
 Three weeks after primary TES, a follow-up 
with the posterior compressive fixation, and long fusion should be considered in osteoporotic patients 
with complete vertebral resection. 
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Fig. 1　Representative radiological images.
　（a） A compression fracture with consolidation was 
found in the anterior part of the T12 vertebral body. （b） 
Sagittal magnetic resonance imaging （MRI） showing 
a diffuse low intensity area of the T12 vertebral body, 
indicating metastasis about to contact the posterior 
spinal cord. （c） Axial MRI showing a metastatic 
lesion predominantly in the right portion of the T12 
vertebral body, that was about to contact the spinal cord 
predominantly in the right side. （d） Asymptomatic but 
severe stenosis was observed at the L4/5 level.
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radiograph showed progressive junctional kyphosis at 
the site of TES though the patient showed no related 
symptoms such as pain, numbness, and paralysis. 
Radiological evaluation also showed an adjacent 
vertebral fracture of the expanded, predominantly in 
the caudal vertebral body with marked subsidence. The 
cage had direct contact with the adjacent L1 PS, and the 
caudal L2 PS showed forced loosening. The kyphotic 
angle of T10-L2 increased from 7° to 15° with sagittal 
instability during flexion （Figure 3 （a-c））. Over time, 
follow-up radiographs showed progressive kyphosis, 
which led to further collapse of the caudal component. 
Therefore, on the basis of these findings, we decided 
to perform revision enforcement surgery. In the prone 
position, the loose L2 PS was removed, and then 
additional posterior fixation was performed using L3-4-
5-S1followed by S2 alar-iliac （S2AI） screw fixation to 
achieve secure fixation. A median hook was also placed 
at the L2 spinous process to reinforce the compressive 
force of the L2 vertebral body in the cranial direction, 
and then a lateral interbody fusion cage （Medtronic, 
Minneapolis, MN） was inserted at the L1-2 level using 
the oblique lateral interbody fusion approach to gain 
more direct support in the right decubitus position. The 
kyphotic angle improved from 8° to 15° after revision 
surgery （Figure 4 （a, b））. After revision surgery, 
the patient started rehabilitation two days after the 
surgery with her blace on to fully get recovered in 
daily activities with no neurological symptoms, and 
returned to activities of daily living with maintained. A 
bony bridge between the T11 and L1 vertebral bodies 
developed 1.5 year postoperatively and was confirmed 
on a reconstructed computed tomography scan.
Fig. 2　 Total en bloc spondylectomy of the T12 vertebral 
body.
　（a, b） The vertebral body was resected in an en bloc 
manner. （c, d） The anterior column was reconstructed 
using an expandable cage with posterior fixation of 
2-above-2-below fixation using cephalad transverse hooks 
at the T10 level. The kyphotic angle was 7° between the 
T10 and L2 levels.
Fig. 3　Radiological images 3 weeks postoperatively.
　（a, b） Fractures adjacent to the vertebral bodies caused 
by the expandable cage were predominantly found in 
the L1 vertebral body. Local kyphosis from T10-T2 was 
exacerbated from 7° to 15°, causing spinal kyphosis. （c） 
The void lesion above the L2 PS, which was forced by the 
compressive moment caused by the cephalad components, 
is noteworthy.
Fig. 4　 Revision surgery performed 1 month after the 
primary surgery.
　（a, b） Radiographs at 1.5 years postoperatively. 
After removing the L2 pedicle screw because of major 
loosening, additional posterior fixation was performed 
using L3-4-5-S1 PS and S2 alar-iliac screws. The median 
hook was added to reinforce the compressive force of the 
L2 vertebral body in the cephalad direction, and then the 
lateral interbody fusion cage was inserted at the L1–2 level 
using the oblique lateral interbody fusion approach to gain 
more direct support. The local kyphotic angle at T10-L2 
improved to 8° （c）, finally 18º with correction angle loss 
of 10° at the final observation （18 months after the surgery, 
d）. （e） Post-operative CT scan showed massive bony 
fusion connecting the adjacent vertebrae （arrow heads）. 
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Ⅲ．Discussion
 The main reasons for primary implant failure in our 
case were as follows: （1） inappropriate installment of 
the expandable cage and （2） fixation with a relatively 
short range, i.e., 2-above-2-below fixation.
 First, we should have considered that the patient was 
osteoporotic. Implant failure in osteoporotic patients 
has been reported in several previous reports, and one 
study explained the importance of endplate preservation 
in such patients.［4］In ordinary osteoporotic patients 
preoperatively, medications to improve bone density 
should be considered to acquire earlier bony fusion and 
less implant failure, and increase bone mineral density.
［5,6］
 TES is one of the effective surgical techniques for 
solitary spinal metastasis,［2］but it can also cause major 
instability after three-column resection.［7］Thus, there 
may be a good indication for using expandable cages 
to achieve efficient and immediate correction of spinal 
malalignment［7,8］, which explains why we used an 
expandable cage in our case. However, expandable 
cage has some reported complications such as adjacent-
level vertebral body fractures after expandable cage 
reconstruction.［9］The current case had an adjacent 
vertebral body fracture, predominantly in the caudal 
endplate with marked subsidence. When using 
expandable cages, subsidence is almost unavoidable 
with a mean value of 1.4 mm,［10］which is sometimes 
required to maintain stable contact with the adjacent 
endplates.［7］However, in cases with weakened 
endplates, i.e., with excess intra-operative violation 
of endplates or osteoporotic patients, subsidence can 
cause too much intra-vertebral subduction. Early cage 
subsidence proposed in such cases causes a loss of 
tension within the stabilized construct, resulting in a 
decrease of the primary stability and an overload of the 
remaining load-bearing structures as seen in the current 
case.
 Another risk of expandable cages is overdistraction
［11］. There is no clear sign to warn the surgeon to stop 
expansion during surgery, as shown in the current patient 
with an osteoporotic vertebral body who underwent 
three-column resection. The combination of an anterior 
expansion force and posterior compression force should 
have worked as excess destruction forces to the adjacent 
vertebral bodies. Thus, in the current case, we should 
have expanded the cage to a less extent so that it would 
make contact with the bony endplate without excess 
distraction force since compressive posterior fixation 
would be performed later. Spinal shortening achieved by 
TES has important advantages such as increased spinal 
stability and increment in spinal cord blood flow, which 
were not observed in the current case. Overdistraction 
and marked subsidence of the cage should be avoided to 
achieve these advantages.
 We should have also taken care of the range of 
posterior fixation. A previous biomechanical human 
cadaveric study indicated that posterior PS with 2-above 
and 2-below constructs can provide sufficient rigid 
fixation during thoracolumbar corpectomy.［12］The 
current patient underwent posterior L2 fusion on the 
basis of this evidence. As a result, this strategy was 
inadequate for anchoring the fused component; thus, 
we performed additional fusion of the iliac using the 
S2AI trajectory to ensure rigid fusion. We should have 
considered the patient’s osteoporotic state in planning 
the primary posterior fusion range. Too short posterior 
fixation cannot counteract the imbalance due to muscle 
and ligament sacrifice, which in our case resulted in 
implant failure.
 Surgeons also have to pay more attention if patients 
have a history of irradiation, which can cause other 
complications such as delayed incision healing and 
cerebrospinal fluid leakage［13］, which is one of the 
reasons to perform surgery before radiation.
 In conclusion, we experienced an implant failure 
with early subsidence of an anterior expandable cage 
with possible intra-opeartive violation on endplates and 
short posterior fixation in an osteoporotic patient with a 
solitary spinal metastasis. We performed revision surgery 
by adding posterior fixation to S2AI followed by using 
an anterior lateral intervertebral cage. Less intra-operative 
violation on endplates that can be achieved by adequate 
expansion, and sufficient long-segmental posterior fusion 
should have been considered in the current case.
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